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(57) ABSTRACT

Motor vehicle comprises a combustion engine with internal
combustion of fuel and/or cold-flame product for driving the
motor vehicle and thereby producing exhaust gas and an
auxiliary power unit comprising an external burner and an
expansion machine. A fuel tank with fuel provides energy to
the burner and the combustion engine. The motor vehicle has
a cold-flame-reactor with means for feeding the fuel from the
tuel tank to the cold-flame reactor, and at least a portion of the
fuel 1s pre-combusted to a cold-flame product 1n the cold-
flame reactor.
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VEHICLE WITH COMBUSTION ENGINE
AND AUXILIARY POWER UNIT

TECHNICAL FIELD

The mvention relates to a motor vehicle comprising:

(a) a combustion engine with internal combustion of fuel
and/or cold-flame product for driving the motor vehicle
and thereby producing exhaust gas and

(b) an auxiliary power unit comprising an external burner and
an expansion machine, and

(¢) a fuel tank with fuel for providing energy to the burner and
the combustion engine.

Examples for such a combustion engine with internal com-
bustion are, for example, an Otto engine or a Diesel engine.
These are different to machines with external combustion,
such as a steam engine or a stirling engine. Fuel 1s, for
example, leaded or unleaded gasoline of various octane num-
bers, diesel o1l, fuels from organic resources or the like, which
are readily commercially available.

In an Otto engine a mixture of fuel and air 1s fed to the
combustion chamber of a cylinder. There, it 1s compressed
and 1gnited by means of a spark plug. The mixture of fuel and
air 1s combusted. Thereby the pressure 1s increased and the
piston 1s moved downwards. With such a process the thermal
energy of the combustion process 1s converted to mechanical
power. A Diesel engine also operates with internal combus-
tion. However, 1t does not require a spark plug for ignition the
mixture of fuel and air, but1s based on self-1gnition of the fuel
injected nto the highly compressed atr.

The 1gnition process occurs at one point in the internal
combustion of an Otto engine. The combustion starts at the
spark plug. Thereby a flame front 1s generated, then propa-
gating mnto the combustion chamber. Engine knocking 1s the
term for unwanted local self-1ignition. The fuel-air-mixture in
the combustion chamber ignites 1n one or more points and
generates a pressure wave (explosion) which may harm the
piston. In engines with self-ignition (Diesel engines) the com-
bustion starts at different points 1n the combustion chamber.
Here an uneven flame front 1s formed also.

During propagation of the flame front within the combus-
tion chamber, high temperatures and pressure gradients are
generated. These lead to high pollutant concentrations 1n the
exhaust gas generated by the engine. Soot, hydrocarbons
(HC) due to uncomplete combustion and carbon monoxide
(CO) are generated at points with low temperature which have
not yet been reached by the flame front. Unwanted nitrogen
oxide (NO, ) 1s generated at particularly hot points. For reduc-
ing the soot portion of the pollutant emissions expensive soot
filters must be used. It 1s desired to reduce the pollutant
€missions.

A steam cycle comprises an external burner, a steam gen-
erator and an expansion machine. A working medium, such
as, for example, water steam, 1s, at first, evaporated 1n the
steam generator of such a steam cycle by the hot gases from
the burner. The highly pressurized, hot, evaporated working
medium 1s expanded 1n the expansion machine generating
mechanical power. The expansion machine 1s, for example a
reciprocating piston engine or a rotational piston engine. Here
also exhaust gas 1s generated which only has only very low
pollutant emissions due to the continuous combustion.

PRIOR ART

The use of an additional auxiliary power unit for the gen-
eration of heat and electrical power or as an additional driving
unit are generally known. Particularly for large motor
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vehicles the situation occurs where more electrical power 1s
needed than a conventional dynamo, which 1s coupled to the
shaft of the driving motor can provide. It may also be desir-
able, for example for trucks, to provide an auxiliary power
unmit which can provide heat and electrical power while the
driving motor 1s not running.

It 1s known to use the exhaust gas of a driving motor for the
generation of steam of a steam cycle used 1n an auxihary
power unit. It 1s, however, necessary that the driving motor
runs for this purpose, which 1s not always desired.

Furthermore, 1t 1s known to reduce the pollutant emissions
of exhaust gas by providing the steam cycle process with a
burner which emits only small amounts of pollutant emis-
sions. Such a burner is, for example, a porous burner as
described inthe U.S. Pat. No. 5,522,732 (Durst) in the DE 102
28 411 or a surface radiant burner emitting only small
amounts of pollutant.

From US 2004/0065078 Al it 1s known to reduce the
pollutant emissions of a combustion engine by after-burning
its exhaust gases 1n an additional combustion process outside
the engine.

The term “HCCI” (Homogenous Charge Compression
Ignition) denotes a combustion engine where a mixture of atr,
fuel and recycled exhaust gas 1s compressed until self-1gni-
tion occurs. With a suitable composition of the fuel-air-mix-
ture the emission of pollutant emissions 1s reduced.

A cold-flamer-reactor and the process called “cold flame™
1s described 1n great detail in WO 00/06948 the contents of 1t
are mcorporated here by reference. A cold-flame-reactor 1s
understood as a reactor enabling a fuel to contact an oxidator
in a reaction chamber at a pressure p=1 bar. The oxidator 1s
heated to a temperature of at least 520 K to 880K. Alterna-
tively the fuel 1s contacted at a lower pressure with the oxi-
dator at lower temperature. The molar C/O-ratio 1s between
1:0,14 to 1:25. The contact 1s established 1n such a way, that
exothermal pre-reactions in the form of a cold flame are
initiated. The pre-reactions cause only a partial reaction of the
fuel and the oxidatior even for homogenous mixture of the
fuel and the oxidator. Furthermore the reactor causes a kinetic
reaction delay of the further reaction of the oxidizing mixture
generated by the cold flame. Thereby selif-ignition of the
mixture 1s prevented especially for a foreseeable time. This
delay 1s effected by adjusting the technically relevant resi-
dence timet, of the mixture 1n the reaction chamber to a value
of t, >25 ms at a pressure of p=1 bar. Residence times which
are smaller under the same conditions when the pressure 1s
increased are also possible. Furthermore the heat dissipation
from the reaction zone through an nert gas tlow 1s effected.
The ratio between the heat capacity flow M-c , of the oxidator
and the product of the fuel mass flow M, and the thermal value
H , 1s adjusted to 1\'/[-(315,/1\'/[&,-HH:>-2-10'4 K™ in an adiabatic
reaction chamber. Furthermore the reactor wall can have a
thermal flow density g which is <85 kW/m~ for this purpose.

The cold flame reaction 1s a product generated without
self-1ignition 1n a, for example, understoichiometric combus-
tion process. The cold-tlame product 1s heated up 1n the pre-
treatment process and obtains a very high degree ol homoge-
nity. The combustion in the combustion chamber generates
considerably less pollutant emissions.

DISCLOSURE OF THE INVENTION

It 15 an object of the mvention to provide a motor vehicle
with a combustion engine for driving the vehicle and with a
thermal combustion engine for operating an auxiliary power
unit with reduced overall soot and pollutant emissions.
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According to an aspect of he invention this object 1s
achieved by a motor vehicle wherein a cold-flame-reactor 1s
provided with means for feeding fuel from a fuel tank to the
cold-flame-reactor, and wherein at least a portion of the tuel
1s pre-combusted to a cold-flame product in the cold-flame-
reactor. The cold-tlame product 1s generated in a process as
described above and 1n the WO 00/06948. Surprisingly it was
tound that the addition of cold-tflame product to a combustion
process combusting fuel and air reduces the pollutant emis-
sion. This 1s particularly relevant to the emissions of soot,
uncombusted hydrocarbons (UHC), carbon monoxide (CO)
and nitrogen oxide (NO, ). Only a small amount of cold-flame
product 1s sulficient to achieve a significant reduction of the
pollutant emission.

The cold flame reactor 1s particularly advantageous it the
combustion engine 1s directly fed with fuel from the fuel tank
and with cold-flame product and the burner of the auxiliary
power unit 1s only fed with cold-flame product. The reduction
of the pollutant emissions 1s achieved in the combustion
engines with internal combustion as well as in the auxiliary
power umnit.

In an alternative embodiment of the mnvention the combus-
tion engine 1s exclusively ted with fuel from the fuel tank and
the burner of the auxiliary power unit 1s exclusively fed with
cold-flame product. In this embodiment the pollutant emis-
s1ons of the auxiliary power unmit are reduced which 1s advan-
tageous for the modus, where the combustion engine 1s not
operated (standing-vehicle). This embodiment 1s particularly
suitable for the further development or retrofitting of existing
driving engines. The existing engine must not be changed.
Only the additional auxiliary power unit 1s operated with
pre-treated fuel-mixture.

In a further alternative embodiment of the mvention the
combustion engine and the burner of the auxiliary power unit
are exclusively fed with cold-flame product. In this case the
combustion engine and the burner of the auxiliary power unit
are not fed with fuel, but only cold-flame-product. The com-
bustion engine 1s adequatly adapted to the requirements of the
new fuel-mixture.

In a particularly preferred embodiment of the invention the
burner of the auxiliary power unit 1s fed at least with a portion
of the exhaust gas of the combustion engine. In this arrange-
ment the exhaust gas 1s after-burnt 1in the burner of the auxil-
1ary power unit which has a particularly low pollutant level. In
order to ensure that the gas 1s combustible 1n the low pollutant
burner 1t 1s mixed with the cold-flame product in a suitable
rat10. The required burner capacity 1s taken into account.
Thereby, the emission of pollutants are further reduced.
Uncombusted hydrocarbons and soot provide turther energy
resources. Contrary to the requirements in setups without a
burner, where the use of thermal energy by the thermal engine
of the auxiliary power unit 1s exclusively generated by the
exhaust gas of a combustion engine, the present auxiliary
power unit may operate without the driving engine, 1.e. when
the vehicle 1s standing.

In a particularly preferred embodiment of the invention, the
burner of the auxiliary power unit 1s a porous burner or a
surface radiant burner. Such burner have particularly low
pollutant emissions and can be adapted to very many different
fluid or gaseous fuels, by suitable designing. Using a cold-
flame reactor different liquid fuels may also be used.

For a further reduction of the pollutant emissions a catalyst
can be provided for the treatment of the exhaust gas of the
combustion engine and/or the auxiliary power umt. This 1s
advantageous especially in the case, where not the entire flow
of exhaust gas of the combustion engine 1s lead through the
burner of the auxiliary power unit. A catalyst for the exhaust
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gas of the burner, however, 1s generally not necessary 1t a
burner with low pollutant emissions 1s used.

In a further modification of the invention means are pro-
vided for feeding said combustion engine with cold-flame
product additionally to a mixture of air and fuel from said fuel
tank said mixture being generated before entering the com-
bustion engine. Engines operating with a mixture of fuel and
air are called HCCI-engines. Such engines already have a low
level of pollutant emissions. However, by adding cold-flame
product the power range can be increased. As the cold-flame
reactor may be used for the auxiliary power unit anyway, 1t
provides an excellent opportunity to extend the power range
of the HCCI-engine without needing further components.

The combustion engine can have two operating modes, one
of the operating modes comprising the combustion of cold-
flame product and the other mode comprising the combustion
of fuel from the fuel tank or a air-fuel-mixture. Means are
provided for switching between these operating modes.

The portion of the cold-flame product can be less than 30%
of the entire fuel fed to the combustion engine. A significant
reduction of the pollutant emissions 1s still achieved and the
cold-flame reactor may be designed with a small size.

The mvention 1s particularly advantageous, 11 the combus-
tion engine 1s a diesel engine and the portion of said cold-
flame product s less than 5% of the entire fuel fed to the diesel
engine.

Further modifications are subject matter of the subclaims.
Preferred embodiments of the invention are described below
in greater detail with reference to the accompanying draw-
ings. It 1s understood, however, that these embodiments
describe examples only and shall not limit the scope of the
invention, which 1s limited only by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an assembly with a com-
bustion engine which 1s fed with fuel and cold-flame product
and an auxiliary power unit which 1s fed with cold-flame
product only.

FIG. 2 1s a schematic diagram of an assembly with a diesel
engine generating exhaust gas which 1s lead -to a burner of an
auxiliary power unit where 1t 1s combusted together with
cold-flame product.

FIG. 3 1s a schematic diagram of the assembly of FIG. 1
where the exhaust gas of the combustion engine 1s combusted
with cold-flame product in the burner of an auxiliary power
unit.

FIG. 4 15 a schematic diagram of an assembly with a com-
bustion engine and an auxiliary power unit which are exclu-
stvely fed with cold-flame product.

FIG. 5 1s a schematic diagram of the assembly of FIG. 4
where the exhaust gas generated 1n the combustion engine 1s
combusted with cold-tlame product in the burner of an aux-
1liary power unit.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In FIG. 1 numeral 10 denotes a combustion engine for
driving a vehicle, such as a truck or a car. The fuel for the
combustion engine 1s 1n a tank 12. The combustion engine 10
operates according to the HCCI principle, described above.
The combustion engine comprises a cylinder with a combus-
tion chamber. An air-fuel-mixture 1s 1serted into the com-
bustion chamber 1n a known way. This 1s represented by
arrows 14 and 16. The air-fuel-mixture 1s compressed until 1t
ignites. In such a way a particularly homogenous reaction 1s
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achieved. In this mode of operation the combustion engine
generates exhaust gas with only a moderate amount of pol-
lutants. The exhaust gas 1s further treated 1n a catalyst 18 to
reduce the amount of pollutants before 1t 1s released to the
environment. This 1s represented by an arrow 20.

Additionally to the air-fuel-mixture, cold-tlame product 1s
fed to the combustion engine. A cold-flame reactor 22 1is
provided for this purpose. The cold-flame reactor operates as
it 1s described above i1n great detail and further in WO
00/06948 which 1s incorporated herein by reference. The
liquid fuel from the tank 12 1s lead to the reactor 22 and serves
as a basis for the cold-flame product. This 1s indicated by an
arrow 24. Furthermore, air 1s fed to the reactor 22. This 1s
indicated by an arrow 26. The cold-flame product generated
in an under-stoichiometric reaction 1s added to the air-fuel-
mixture which 1s used for the combustion engine. This 1s
indicated by an arrow 28. By adding cold-flame product the
amount of pollutant emissions of the combustion engine are
considerably reduced.

Furthermore, the cold-flame product 1s fed to a porous
burner 30. This 1s indicated by an arrow 32. The porous burner
1s part of an auxiliary power umt generally denoted with
numeral 34. The auxiliary power unit generates electricity for
the board network of the vehicle. Depending on the design of
the vehicle heat or mechanical power may also be provided in
addition to the electricity. The auxiliary power unit 34 is
based on a Clausius-Rankine-steam cycle 36.

A working medium, for example water, 1s evaporated 1n a
heat exchanger 38 1n the steam cycle 36. For this purpose the
heat exchanger 38 1s exposed to hot gas generated 1n the
porous burner 30. The working medium pumped through the
heat exchanger 38 and evaporated therein has a very high
pressure. The working medium 1s expanded 1n an expander
40, for example an axial piston expander. Mechanical power
1s performed on a shaft 42 thereby. The shaft 42 drives a
generator 44. This generator produces electrical power which
1s Ted to a board network (not shown) of the vehicle.

The expanded working medium 1s condensed 1n a con-
denser 46. The heat released therein may be also used 1n the
vehicle 1 needed. The condensed working medium 1s then
available again in the cycle and it 1s pumped to the heat
exchanger 38 by a pump 48.

The porous burner used 1n this embodiment 1s described in
great detail in the U.S. Pat. No. 5,522,723 (Durst). The porous
burner comprises a housing filled with porous maternal. The
porous material 1s distributed to two or three zones with
different porosity. The porous material consists of heat-resis-
tant plastic foam, ceramics, metals or metal alloys. The 1ntlu-
ence of the different porosities of the materials on the com-
bustion behavior is represented by the Peclet-number. This
number represents the ration of the heat transter due to trans-
port of heat due to conductivity. The porosity of the described
assembly 1s such that the zone on the inlet side has a Péclet-
number 1n the range of 40 and the zone on the outlet side has
a Peclet-number of about 90. A flame will not form in the zone
with the finer pores on the inlet side. The combustion area 1s
established on the well defined border zone between both
ZONes.

The burner operates at low, constant combustion tempera-
tures once 1t 1s switched on and provides, therefore, extremely
low levels of pollutant emissions. Furthermore, it 1s suitable
for a large variety of fuels. The burner has a large thermal
capacity and allows for high combustion velocities causing a
high efliciency.

The exhaust gas of the porous burner having extremely low
pollutant emissions 1s released to the environment by the
auxiliary power unit 34 (Equal Zero Emission Engine). This
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1s 1ndicated by an arrow 50. By combination of the dniving
engine with low pollutant emissions and the auxiliary power
umt with also low levels of pollutant emissions the entire
vehicle has a very small level of pollutant emissions in this
design.

A Turther embodiment 1s shown 1n FIG. 2. Similar to the
embodiment of FIG. 1 an auxiliary power unit 52 1s provided.
The auxiliary power unit 52 1s designed 1n the same way as the
auxiliary power unit 34 of FIG. 1 and, therefore, does notneed
to be described again. The auxiliary power unit 32 1s operated
with cold-flame product from a cold-flame reactor 34 as
described 1n FIG. 1, too.

In this embodiment a conventional diesel engine serves as
a driving engine 56 in this embodiment. This engine normally
has a comparatively high pollutant emission. For the reduc-
tion of the pollutant emissions in the exhaust gas the exhaust
gas 1s at least partially lead to through the porous burner of the
auxiliary power unit 52. This 1s indicated by an arrow 60. A
control valve 58 1s provided for this purpose. The exhaust gas
1s aiter-burnt in the porous burner to reduce the amount of
pollutant emissions. The uncombusted hydrocarbons and
soot contained 1n the exhaust gas additionally provides a
further energy resource 1n the after-burning. Exhaust gas
which 1s not lead through the porous burner of the auxihiary
power unit 52 1s treated by a catalyst before it1s released to the
environment. This 1s indicated by an arrow 64.

In FIG. 3 an embodiment similar to the embodiment
described 1n FIG. 1 1s shown. The exhaust gas of the dnving
engine 66, which has already a low level of pollutants 1s lead
to the porous burner of the auxiliary power unit 68. A control
valve 70 1s provided for this purpose. As 1t 1s the case in FIG.
1 the engine 66 1s fed with fuel from the tank 72 and with
cold-flame product from the cold-flame reactor 74. The
porous burner only operates with cold-flame product.
Exhaust gas which i1s not after-burnt 1s released to the envi-
ronment aiter treatment 1n a catalyst 76.

A further embodiment 1s shown 1n FIG. 4, where both, the
combustion engine 80 and the auxiliary power umt 82 are
exclusively operated with cold-flame product. The fuel 1s
entirely fed to the cold-flame reactor from the tank 86. It 1s
provided to drive the driving engine, for example a HCCI-
Technology based engine and the auxiliary power unit. As
described above the exhaust gas 1s released to the environ-
ment after treatment 1n a catalyst 88. The exhaust gas can
partially be after-burnt in the burner of the auxiliary power
unit 82. This 1s schematically shown in FIG. 5.

The embodiments described above show that a large vari-
ety of different driving engines may be used in combination
with this invention. Instead of a Clausius-Rankine-steam
cycle any other steam cycle or stirling process 1s possible also,
as long as they operate with a burner with low pollutant
emissions. The embodiments, however, only illustrate the
invention and to not limit the scope of the invention as set
forth 1n the accompanying claims.

We claim:

1. Motor vehicle comprising

(a) a combustion engine with internal combustion of fuel

and/or cold-flame product for driving the motor vehicle
and thereby producing exhaust gas and

(b) an auxiliary power unit comprising an external burner

and a piston expansion machine, and

(¢) a fuel tank with fuel for providing energy to the burner

and the combustion engine. wherein

(d) a cold-flame-reactor 1s provided with means for feeding

said fuel from said tuel tank to said cold-flame reactor,
and wherein at least a portion of said fuel 1s pre-com-
busted to a cold-flame product 1n said cold-tflame reactor.
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2. Motor vehicle as claimed 1n claim 1, wherein said com-
bustion engine 1s directly fed with fuel from said fuel tank and
with cold-flame product and said burner of said auxiliary
power unit 1s only fed with cold-flame product.

3. Motor vehicle as claimed 1n claim 1, wherein said com-
bustion engine 1s exclusively fed with fuel from said fuel tank
and said burner of said auxiliary power unit 1s exclusively fed
with cold-flame product.

4. Motor vehicle as claimed 1n claim 1, wherein said com-
bustion engine and said burner of said auxiliary power unit are
exclusively fed with cold-tlame product.

5. Motor vehicle as claimed 1n claim 1, wherein said burner
of said auxiliary power unit 1s fed with at least a portion of
said exhaust gas from said combustion engine mstead of atr.

6. Motor vehicle as claimed 1n claim 1, wherein a catalyst
1s provided for the treatment of said exhaust gas of said
combustion engine and/or said auxiliary power unit.

7. Motor vehicle as claimed 1n claim 1, wherein means are
provided for feeding said combustion engine with cold-flame
product additionally to a mixture of air and fuel from said fuel
tank said mixture being generated before entering the com-
bustion engine.

8. Motor vehicle as claimed 1n claim 7, wherein said com-
bustion engine has two operating modes, one of said operat-
ing modes comprises the combustion of cold-flame product
and the other mode comprises the combustion of fuel from
said fuel tank and means are provided for switching between
said operating modes.
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9. Motor vehicle as claimed 1n claim 1, wherein said com-
bustion engine 1s a Diesel-engine.

10. Motor vehicle as claimed i1n claim 1, wherein said
burner of said auxiliary power unit 1s a porous burner or a
surtace radiant burner.

11. Motor vehicle as claimed in claim 2, wherein the por-
tion of said cold-flame product 1s less than 30% of the entire
tuel fed to said combustion engine.

12. Motor vehicle as claimed in claim 4, wherein the por-
tion of said cold-flame product 1s less than 30% of the entire
tuel fed to said combustion engine.

13. Motor vehicle as claimed in claim 1, wherein said
combustion engine 1s a diesel engine, wherein said combus-
tion engine 1s fed a mixture of fuel from said fuel tank and
cold-flame product, and wherein the portion of said cold-
flame product is less than 5% of the entire fuel fed to the diesel
engine.

14. Motor vehicle as claimed i1n claim 1, wherein said
auxiliary power unit comprises a steam cycle.

15. Motor vehicle as claimed 1n claim 14, wherein said
steam cycle comprises a steam generator which 1s exposed to
heat generated by said burner, and said steam generator 1s
further exposed to said exhaust gas of said combustion
engine.

16. Motor vehicle as claimed 1n claim 1 wherein said aux-
1liary power unit comprises a Stirling engine.
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